OBJECTIVE -The aim of this study was to determine the influence of birth weight, a marker of fetal growth, on the development of later impaired glucose metabolism throughout the life span of people living in China.
M
ost chronic noncommunicable diseases originate as a result of the joint effects of genetic and environmental risk factors. Traditionally, risk factors associated with adult lifestyle, such as smoking, diet, and exercise habits, have attracted a great deal of interest. In more recent years, attention has also been paid to distal risk factors in early life. The intrauterine environment is now generally accepted as an important determinant of risk of disease in adulthood. The classic study by Hales et al. (1) was the first to show that people with low birth weight had higher rates of type 2 diabetes later in life. Many studies have demonstrated an inverse relationship between body size at birth, as a marker of fetal growth, and diabetes or impaired glucose tolerance in adult life (2) (3) (4) (5) (6) (7) (8) (9) (10) . However, many of these studies include only a few hundred individuals from developed countries (U.S. and Europe) (2) (3) (4) (5) . Few studies have been published exploring the relationship between intrauterine growth retardation and impaired glucose metabolism in later life in developing countries.
It is important to understand determinants of chronic diseases and health at later ages because populations in most countries are aging. China's population, in particular, is aging at an extraordinarily rapid pace. Since the early 20th century, Chinese people have lived through frequent famines, civil wars, and invasions. Nutritional impairment in utero because of poor nutrition of the mother, in concert with the development of the energydense and Westernized diet and lifestyle of adults today, could lead to adverse health trends. To date, however, there have been few studies from developing countries, including China, to test the fetal origins hypothesis. Thus, research on the relationship between intrauterine growth retardation and impaired glucose metabolism for Chinese people born 50 -70 years ago is of particular significance.
We report the results of a follow-up study of people born in Peking Union Medical College Hospital (PUMCH) between 1921 and 1954. The study includes a quite large population of elderly and middle-aged individuals and extensive data on a wide range of dimensions at birth, gestational period, and adult life.
To test the fetal origin hypothesis, we paid particular attention to the interaction of early and later life factors.
RESEARCH DESIGN AND
METHODS -The PUMCH in Beijing routinely keeps detailed obstetric records. Data include weight, length, head circumference at birth, placental weight, weeks of gestation, blood pressure at delivery and during the pregnancy, maternal parity, age, date of last menstrual period, and so on. Authorities at PUMCH allowed us to examine obstetric records of all 12,097 babies born there from 1921 to 1954. We submitted their birth records identification data to the Beijing Population Registry Office and found 2,085 individuals who were alive when the present study was conducted. The vast majority of them were living in the Beijing area. We recruited voluntary participants from these 2,085 individuals. The Peking Union Medical College Ethical Committee approved the study, and the study protocol was reviewed and approved by the National Institutes of Health scientific review committee. All participants provided informed consent. We subsequently contacted the 2,019 participants who agreed to take part in the study and performed a Measurements A team consisting of trained and certified doctors, nurses, and technicians performed all measurements. An interview was conducted with each subject to determine history of chronic diseases and current health status using standardized procedures. Information on adult life status, including current occupation, smoking status, alcohol consumption, and family history of diabetes, was obtained through questionnaires. Height, weight, waist circumference, and blood pressure were also measured. The clinic staff was unaware of any obstetric information about the participants and their mothers. During the health examinations, blood samples were collected from the participants. Participants attended the clinic after a 12-h overnight fast. Then blood samples were drawn to measure plasma concentrations of glucose and insulin and serum levels of total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides. Additional blood samples at 120 min after a standard (75 g) oral glucose load were also taken to measure plasma levels of glucose and insulin. Oral glucose tolerance testing (75 g) was not performed in those individuals in whom diabetes had already been diagnosed.
Dyslipidemia was defined as the presence of one or more of the following: triglycerides Ն150 mg/dl, total cholesterol Ն220 mg/dl, HDL cholesterol Յ40 mg/ dl, or LDL cholesterol Ն100 mg/dl. Hypertension was defined as the presence of one or more of the following: systolic blood pressure Ն140 mmHg, diastolic blood pressure Ն90 mmHg, or a definite history of hypertension with or without medicine. Diabetes was defined as the presence of one or more of the following: fasting plasma glucose Ն7.0 mmol/l, glucose at 120 min Ն11.1 mmol/l, or a definite history of diabetes with or without medicine. The criteria (11) for impaired glucose regulation (IGR) were a fasting plasma glucose level of Ն5.6 to Ͻ7.0 mmol/l and/or a 2-h plasma glucose level on the oral glucose tolerance test of Ն7.8 to Ͻ11.1 mmol/l. Central obesity was defined as waist circumference Ն90 cm for men and Ն80 cm for women, according to the International Diabetes Federation's proposed definition of the metabolic syndrome in 2005 (12). Insulin resistance was determined by homeostasis model assessment (HOMA-IR): HOMA-IR ϭ fasting plasma glucose (millimoles per liter) ϫ fasting plasma insulin (picomoles per liter)/22.5 (13) .
Statistical analysis
Results are expressed as means Ϯ SD. Differences among groups were assessed by ANOVA for normally distributed continuous variables, by nonparametric tests (Kruskall-Wallis test) for non-normally distributed continuous variables (HOMA-IR, the number of pregnancies, and parity), and by 2 tests for discrete variables. We analyzed the data derived from the birth records, clinic examinations, and interviews, using multivariate logistic regression models and controlling for possible confounding factors. In our logistic regression models, impaired glucose metabolism in adult life was the dependent variable, and mothers' status, measurements at birth, and adult status such as smoking status, alcohol consumption, and family history of diabetes were the independent variables. Impaired glucose metabolism is defined as having either type 2 diabetes or IGR. All statistics were run on SPSS 12.0 for Windows (SPSS, Chicago, IL).
RESULTS -Among a total of 2,019 subjects, 1,064 had normal glucose tolerance (NGT), whereas 391 and 564 individuals were found to exhibit type 2 diabetes (19.4%) and IGR (27.9%), respectively. Of those, 54 were already known to have type 2 diabetes and received antidiabetes treatment before the present study. Table 1 shows the baseline characteristics of the study subjects and the statistical test of the differences between the diabetes, IGR, and NGT groups, not adjusted for confounding factors. There were no significant sex differences among the three groups (not shown). However, there were significant age differences (P Ͻ 0.001). The mean gestational weeks, parity, placental weight, and number of pregnancies were similar in all three groups. There were large differences related to birth weight, length, head circumference, and ponderal index among the three groups. The diabetes and IGR groups were associated with significantly lower birth weight (P Ͻ 0.001), smaller head circumference (P Ͻ 0.001), smaller ponderal index (P Ͻ 0.001), and shorter length (P ϭ 0.004) in contrast with the NGT group.
The association between maternal and neonatal characteristics and diabetes and IGR, without controls for confound- ing factors, is shown in Table 2 . There was a powerful association between low birth weight, small length, head circumference, and ponderal index and diabetes and IGR (collectively referred to below as impaired glucose metabolism), whereas an inverse association between impaired glucose metabolism and four categories of birth weight and head circumference and five categories of PI was evident. No systematic effect regarding placental weight and gestational weeks was apparent.
In Tables 3 and 4 , diabetes and IGR were combined as impaired glucose metabolism in the logistic regression analysis. After simultaneous adjustment for the perinatal confounding factors, as shown in the final column of Table 3 , a significant association was identified only between birth weight and impaired glucose metabolism (P Ͻ 0.001). The risk of impaired glucose metabolism for those with low birth weight (Ͻ2,500 g) was nearly two times higher than that for those with normal birth weight. The effect of head circumference and ponderal index on impaired glucose metabolism was much attenuated and no longer significant (P Ͼ 0.05). Table 4 shows the strength of the association between impaired glucose metabolism and birth weight, controlling for possible confounding factors both at birth and in adulthood.
The present study showed that impaired glucose metabolism was significantly associated with facets of adult life status such as age, smoking, being overweight, family history of diabetes, hypertension, and dyslipidemia (results not shown). Furthermore, adjustment for possible confounding factors at birth and in adult life, such as sex, age, central obesity, smoking status, alcohol intake, hypertension, dyslipidemia, family history of diabetes, and occupational status, led to only a small reduction in the strength of the association between birth weight and impaired glucose metabolism (Table 4) (P ϭ 0.027). Lower birth weight is an independent risk factor for impaired glucose metabolism in adult life (odds ratio 1.748, [95% CI 1.018 -3.001], P ϭ 0.043).
CONCLUSIONS -In this retrospective study, we explored the prevalence of IGR and diabetes in a quite large birth cohort of Chinese born in PUMCH between 1921 and 1954. There was little difference between men and women in the frequency of diabetes and IGR in this population. The prevalence of IGR (27.9%) and diabetes (19.4%) is consistent with other survey data from populations with a comparable age span (14) . Our data broadly confirm previous studies showing that low birth weight is associated with a higher prevalence of impaired glucose metabolism (2-10,15- 17), whereas our investigation is based on a substantially larger sample of middleage and elderly subjects than that of previous studies. A crucial critique of previous clinical studies that supported the fetal origins hypothesis is that their data have not adequately unadjusted for confounding factors, such as smoking, alcohol consumption, diet, lifestyle, social class, and others (20) . In comparison with many other published studies, we had access to data containing more elaborate measures at birth and in adult life. Our data on confounding factors at birth and in adult life cover many different dimensions of socioeconomic status. We found a small attenuation of the effect of birth weight after adjustment for confounding factors at birth and in adult life, thus confirming that the effect of birth weight on glucose tolerance was independent of various other confounding factors. It should be acknowledged that, because of the retrospective nature of the present study, we could not collect information on parental obesity and glucose intolerance, which may affect the glucose metabolism of their offspring and complicate modeling. A future prospective study on this very important issue is highly warranted.
In summary, these data provide the most compelling evidence to date that there is a genuine association between size at birth and risk of impaired glucose homeostasis in Chinese people, after adjustments for various confounding factors in adulthood. Based on present findings, we tentatively conclude that partially established fetal undernutrition may be a risk factor for impaired glucose tolerance or frank type 2 diabetes in adulthood. This risk is independent of those associated with adult obesity, age, smoking, alcohol consumption, and so on. In developing countries such as China, one may hypothesize that improved nutrition in girls and women may offer long-term benefits to their offspring. However, we also conclude that not only should the environment of intrauterine development be emphasized but risk factors in adult lifestyle and behavior should also be highlighted, some of which could be subject to interventions now. Interventions for all of these risk factors could lead to good health at older ages.
